The origin of the long-lived (1.07 Myr mean life) radioactive 26 Al, which has been observed in the Galactic interstellar medium from its 1.809 MeV decay gamma-ray line emission, has been a persistent problem for over twenty years.
Introduction
Observable diffuse Galactic 1.809 MeV line emission from the decay of long-lived (1.07
Myr mean life) radioactive 26 Al was predicted (Arnett 1977; Ramaty and Lingenfelter 1977) from early estimates (Schramm 1971) Mahoney et al. (1982 Mahoney et al. ( , 1983 with the high resolution gamma-ray spectrometer on HEAO 3 at an intensity of ∼ 5x10 −4 ph/cm 2 s str from the inner Galaxy. This flux, confirmed by later observations, is nearly an order of magnitude higher than that predicted, and implies a steady-state Galactic mass of 3.1±0.9 M ⊙ of 26 Al (e.g. Knodlseder 1999 ).
This much higher 26 Al mass, together with a lack of information about its spatial distribution and the uncertainties in model predictions of 26 Al yields, led to suggestions of a variety of additional possible sources for 26 Al, including the winds of Wolf-Rayet (WR) stars, asymptotic giant branch (AGB) stars, novae, and other transient sources. For a time, however, the yield calculations of neon burning and neutrino interactions in SNII core collapse of the massive (> 25 M ⊙ ) stars without wind losses appeared (e.g. Timmes et al. 1995) to be adequate to account for the observed 26 Al. But calculations (e.g. Schaller et al. 1992 ) of the evolution of these stars, showed that the SNII models with hydrogen-rich envelopes were not appropriate in this mass range, because their winds blow off their hydrogen envelopes leaving much smaller WR stars, which are expected to end in SNIb/c instead. The SNII yields (Timmes et al. 1995 , Thielemann et al. 1996 of less massive (< 25 M ⊙ ) stars could account for no more than about 1/8 of the observed 26 Al, and calculations (Woosley, Langer & Weaver 1995) of the yields of the SNIb/c supernovae of the small final mass stars that resulted from the expected large WR wind losses in single stars, -4 -suggested that these stars were also minor contributors. Thus, the deep dredging of the WR winds themselves were explored as a possible major source. Early calculations Meynet et al. 1997) , assuming WR wind mass loss rates that were much larger than observations now suggest, gave the yields could account for about 1/2 of the observed 26 Al, and very recent calculations (Vuissoz et al. 2004) (Oberlack et al. 2000) places a 2σ upper limit of (0.6 to 1.5)×10 −4 M ⊙ , depending on the distance.
-5 -Second, recent analyses of the intense 1.809 MeV line fluxes observed from the direction of the massive star formation regions, Vela OB1, Cygnus OB2 and Orion OB1a, seem to further compound the problem. Analyses of Vela OB1 by Lavraud et al. (2001) show that, using the 26 Al yields (Meynet et al. 1997 ) for large WR wind losses, the expected 1.809
MeV emission from both the WR winds and SNII was only about 1/5 of that observed.
The recent yields of Vuissoz et al. (2004) are only about 60% higher for the expected WR stars in this association, so the WR wind yields are still only about 1/3 of that required.
Similarly, analyses of Cygnus OB2, using the Meynet et al. (1997) yields, can account for only 1/2 of the observed emission (Knodlseder et al. 2002; Pluschke et al. 2002) , even after making a factor of 3 increase over the number of observed O stars, as a correction for obscuration. Although the recently calculated yields could further close that gap, they already appear to be too high. As we show below, the recent WR wind yields also fail to account for the 1.809 MeV emission observed from Orion OB1a.
Lastly, the general problem is further complicated by the fact that no 1.809 MeV emission, comparable to that from Vela OB1, Cygnus OB2, or Orion OB1a, has been observed (Knodlseder et al. 1999c ) from the half dozen other equally large nearby OB associations (Brown et al. 1996) . Recent calculations by Meynet & Maeder (2003) of the evolution of single WR stars including rotation effects give final masses of > 10 M ⊙ (Fig. 2(b) ). The SNIb/c explosions of such stars are expected to have low 26 Al yields which would also make them minor contributors. Other recent calculations by Vanbeveren et al. (1998b) , however, suggest that a significant fraction of these stars may also have lower final masses. Clearly further work is needed to resolve this question and the 1.809 MeV observations will provide important constraints.
Combining the 26 Al yields (Woosley et al. 1995; Nakamura et al. 2001) SNIb/c, which also include those of longer period binaries. For the SNII we take the yields recently calculated by Rauscher et al. (2002) , that include the new lower wind losses, for initial stellar masses from 15 to 25 M ⊙ , and thoes by Timmes et al. (1995) for lower mass stars, where wind losses are not thought to be important. For the WR wind yields we use those calculated by (Vuissoz et al. 2004) . For the single SNIb/c and the longer period (> 10 yr) binaries, which should evolve like the single stars, we again take the yields as a function of final WR mass (Fig. 1) , together with the Meynet & Maeder (2003) calculations of that mass versus initial mass with rotation effects (Fig. 2b) as a nominal value.
As can be seen (Fig. 2a) we also included the Galactic metallicity enhancement, integrating the Galactic SN progenitor distribution weighted by the metallicity squared, which is proportional to the calculated WR wind yield. These contributions combine to give a total steady-state mass of 4.4 M ⊙ of 26 Al in the Galaxy, which is somewhat higher than the 3.1±0.9 M ⊙ inferred (e.g.
Knodlseder 1999) from the Galactic 1.809 MeV emission. However, as discussed above, the 1.809 MeV upper limit from the nearest WR star suggest that the calculated WR wind contribution may be too high by a factor of 2 or 3, which would also greatly improve the agreement. Thus, more than 60% of the 26 Al is expected to come from the SNIb/c of the 30 to 50 M ⊙ WR stars in close binaries. Since they make up only about 1% of the core-collapse SN progenitors, this contribution should come from only about 300 SN out of the roughly 26,000 SN that have occurred in the Galaxy over the last 1.07 Myr mean life of 26 Al.
5.
26 Al from Close Binary SNIb/c in Nearby OB Associations
The expected average time dependent 1.809 MeV line emission from a single OB association is shown in Figure 3 for a nominal moderate sized OB association that initially -9 -contained 100 core-collapse SN progenitors (8 to 120 M ⊙ ), determined from Monte Carlo simulations using the mass dependent 26 Al yields (Fig. 2a) and the calculated (Schaller et al. 1992 ) stellar ages as a function of initial mass. Because high-yield close-binary SNIb/c make up only ∼ 1% of the SN the probability of one occurring must also be determined from Monte Carlo simulations for each individual OB association, based on their size and age. Here we consider the three nearby associations from the direction of which 1.809 MeV line emission has been measured, Vela OB1, Cygnus OB2 and Orion OB1a.
Vela OB1 is a young, massive OB association at a distance of 1.8±0.4 kpc and an estimated age of 5±2 Myr (Lavraud et al. 2001) , which is expected to have total of 118 to 155 core-collapse SN progenitors for this age range, based on a Salpeter IMF and its present population of 38 massive stars between 15 and 40 M ⊙ (Oberlack 1997). 1.809 MeV line emission of (2.9±0.6)×10 −5 photons/cm 2 s was observed (Oberlack 1997 ) from that region with COMPTEL. As can be seen (Fig. 4a) , we find from Monte Carlo simulations that such a flux would be expected from the 26 Al in one or two SNIb/c from close binary WR stars in that association about 40% of the time for ages between 5 and 6 Myr.
Cygnus OB2 is the largest of the OB associations in the Cygnus region and the 1.809
MeV line emission of (5.8±1.5)×10 −5 photons/cm 2 s observed from that direction by COMPTEL (Pluschke et al. 2002; Knodlseder et al. 2002 ) is centered on it. Cygnus OB2 is at a distance of 1.7±0.4 kpc and its age is estimated to be 1-5 Myr (Comeron, Torra & Gomez 1998; Herrero et al. 1999; Pluschke et al. 2002; Knodlseder et al. 2002) . We would expect at least 120 initial SN progenitors, based on optical observations of 40 O stars (Massey et al. 1995) . But since the region lies along a spiral arm, it is highly obscured and the actual number may be significantly larger (e.g. Knodlseder 2000) . Nonetheless, from
Monte Carlo simulations of just the minimum number of progenitors (Fig. 4b) Lastly, we note that the stochastic nature of the emission also seems to be supported by the fact that 1.809 MeV emission so far has been found (Knodlseder et al. 1999c ) from only 1/3 of the 9 (seen from Vel OB1, Cyg OB2, and Ori OB1a, but not from Cep OB2, Gem OB1, Mon OB2, Cen OB1, Ara OB1 and Sco OB1) largest, nearby (<2 kpc) OB associations (Brown et al. 1996) OB2, ages 4-5 Myr, and (c) Orion OB1, ages 9.5-12.5 Myr, for different assumed ages, showing a roughly 1/3 probability that just one or two close binary SNIb/c can account for the observed flux from the directions of those associations. Such a probability is also consistent with the fact that 1.809 MeV emission has only been seen from 1/3 of the comparable OB associations.
